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Among the many unsolved problems of the immune-biologic
phenomena of specific sensitization in lower animals and man,
two seem to be of most fundamental significance. The first
concerns itself with the question of why, on identical exposures
to one and the same substance, certain individuals of a species
become sensitized readily; others, with greater difficulty; and
still others with only the greatest difficulty, or not at all. The
second problem deals with the question of why, under conditions
of identical exposure, certain substances will sensitize a high
percentage of individuals; other substances, a lesser percentage;
while still other substances will sensitize few, if any of those
exposed.
It has long been recognized by certain students of these intri-
cate problems that their studies must not be further complicated
'From the Department of Dermatology, Montefiore Hospital for Chronic
Diseases, New York, N. Y. Director, Dr. Fred Wise.
The first two communications on this subject are as follows:
I. Eczematous Sensitivity to Clothing and to Cosmetics; with Special Refer..
ence to Dyes. Joseph Goodman, M.D. and Marion B. Sulzberger, M.D. Read
before the Association for The Study of Allergy, Atlantic City, N. J., June 8,
1937. In press, Journal of Allergy, January, 1938.
II. Cheilitis; with Special Reference to Lipstick Sensitivity. Marion B.
Sulzberger, M.D., and Joseph Goodman, M.D. Read before the American
Dermatologic Association, June 4, 1937, Cresco, Pa. In press Archives of Der-
matology and Syphilology.
These studies were made possible through a grant from the Nathan Hofbeimer
Foindation of New York City.
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by the employment of complex, heterogeneous, mixed biologic
products as allergens. This is one reason for the employment of
such relatively simple sensitizing chemical compounds as ortho-
form (Schwarzschild (1)), mesothan (Silberberg (2)), neoarsphena-
mine (Frei (3), Sulzberger (4)), paraphenylendiamine (R. L.
Mayer (5)), phenylhydrazine (W. Jadassohn (6)), 1-2-4 chioro-
dinitro benzene and similar compounds and nitroso dimethyl-
anilin, (Landsteiner and Jacobs (7), Wedroff and Dolgoff (8)),
and nickel and mercury salts (Haxthausen (9)), in the investiga-
tion of the laws of experimental human and animal sensitizations.
A glance at even this very incomplete list of relatively simple
sensitizing substances serves to demonstrate that there seem to be
no known and at present recognizable common chemical struc-
tures, or common properties demonstrable in vitro, to explain
their common biologic property of being allergens.
However, in more recent experiments, Landsteiner and Jacobs
were able to show that at least in certain particular groups of
chemicals—for example, in the nitro- and chlor-substituted
benzenes investigated—certain structural characteristics and
chemical properties in vitro were closely paralleled by the sensi-
tizing capacities of these simple chemicals in the skin of the
guinea pig. These investigators were able to demonstrate that
there was a connection between the sensitizing capacity of certain
of these compounds and the lability of their Cl and NO2 groups.
And since the lability of these groups may be regarded as an index
of the ease with which such compounds can form conjugates, it
may be argued that the sensitizing capacity of such compounds
parallels their capacity for forming conjugates with the proteins
or other large molecular constituents of the animals' own tissues
and/or fluids. This explanation would be in accord with present
concepts as to the manner in which simple substances can become
antigenic by combination with larger molecules (Landsteiner
(10)).
Landsteiner and Jacobs studied about 20 different halogen- and
nitro substituted benzenes for their alkali-lability (speed of
decomposition by alkalis), for their capacity for combining with
an organic base—anilin—, and for their capacity to sensitize the
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skin of guinea pigs; and, as above stated, they found a general
parallelism between these properties.
For several reasons, it seemed to us necessary to study this
group of chemicals in regard to their relative capacity, not only
for producing sensitivity in animals, but also for producing the
contact-type eczematous sensitivity in human beings. Such a
study seemed necessary because, as is well known, immunologic
responses vary in a wide range from animal species to animal
species, hence one cannot unreservedly apply results in guinea
pigs' skins to human skins without actual experimental confirma-
tion. This caution and reserve is especially indicated in regard
to human eczematous contact-allergy; for the eczematous contact-
type of reaction of the human skin is a form of allergy with special
and peculiar characteristics which are not necessarily identical with
the cutaneous hypersensitivity demonstrated in guinea pigs by means
of intracutarteous injection or even external application of allergens.
In fact, in the opinion of many observers, it is an open question
whether or not eczematous, contact hypersensitivity of the
human skin can be completely identified with the experimental
dermatitis of the guinea pig.
Several arguments can be brought in favor of the opinion that
the contact-type of eczematous dermatitis of human beings may
be based upon a mechanism fundamentally different from the
classic antigen-antibody reactions. These arguments are based
upon careful and detailed consideration of certain observations
in typical eczematous contact-dermatitis of human beings.
First, there is the observation that eczematous dermatitis may
be seated primarily in the epidermis, with its principal lesion the
intraepidermal vesicle, or spongiosis. This primary epidermal
localization has not, as yet, been conclusively demonstrated in
the experimental dermatitis of the guinea pig. Second, simple
chemicals, without previous conjugation outside the body, are
by far the most frequent causes of human eczematous dermatitis
(examples: mercury, nickel, formalin, dyes, etc.). Third, there
is no unequivocal case on record in which so-called protein
allergens (food proteins, pollen proteins, other inhalant proteins,
etc.) have produced a dermatitis of the type of contact eczema.
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Fourth, in cases of contact eczema from plants, it is almost always
the fraction soluble in fat-solvents and not the water-soluble
protein fraction which produces the contact-type dermatitis.
And fifth, no present method is capable of demonstrating re-
sponsible antibodies in cases of contact dermatitis with even the
very highest degree of hypersensitivity. These, as well as other
considerations, would indicate the possibility that contact
dermatitis may well be somewhat different in the mechanism of
its production from other classic forms of sensitivity occurring
both in man and in animals. Therefore, as before stated, it
seemed necessary now to determine whether the substances
studied by Landsteiner and Jacobs in their capacity to sensitize
guinea pigs on intracutaneous injection would follow the same
rules in regard to their capacity to produce the contact-type of
eczematous hypersensitivity in human beings.
Since it was impracticable to use all the 20 different chior-
nitro-substituted benzenes in experimental human sensitization,
5 of these were selected as examples.
EXPERIMENTS
The 5 selected chemicals were:
(A) 1—2—4 dichloronitrobenzene
(B) 1—4—2 dichloronitrobenzene
(C) 1—2-4 chlorodinotrobenzene
(D) 1—2—4 trinitrobenzene
(E) 1—3—5 trinitrobezene
Landsteiner and Jacobs had found that (C) and (D) had a
great susceptibility to decomposition by alkalis, and a strong
capacity for entering into combination with the organic base-
analin. Paralleling this, (C) and (D) were both strong sensi-
tizers of the guinea pigs' skin, Compound (E) (1—3—5 trinitro-
benzene), while to some degree alkali-labile, did not enter into
combination with anilin, and did not sensitize the guinea pigs'
skin. Compounds (A) and (B) were highly alkali-resistant, did
not enter into combinations with anilin, and did not sensitize
the guinea pig.
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Experiment 1. Following the technic employed by Wedroff and Dolgoff in
their successful experimental sensitizations of human skins with substance (C)
(Ref. 8), we made 10% solutions of each of 3 substances A, B, and C in pure
acetone.
(A) 1—2—4 dichloronitrobenzene
(B) 1—4—2 dichloronitrobenzene
(C) 1—2—4 chlorodinitrobenzene
The smallest possible quantity of each of these solutions, expressed through
a 24-gauge needle was permitted to drop on the normal and not previously
0C1
NO2 Cl
1—2—4 diohloronitrobenzene 1—4—2 dichloronitrobenzene
(A) (B)
Cl NO2
0N02 0N02
NO2 NO2
1—2—4 chlorodinitrobenzene 1—2—4 trinitrobenzene
(C) (D)
NO2
NO20NO2
1—3—5 trinitrobenzene
(E)
Fia. 1
prepared skin of 10 adult, normal female test-individuals. After 28 days, 0.03
ccm. of a 10% acetone solution of substances A, B and C was dropped on new
cutaneous areas of the 10 original test persons, and on 5 additional not previously
treated female test individuals. The skin site to which this larger amount was
applied was ringed with petrolatum to prevent spread of the solution. After
the lapse of 21 more days (49 days after the beginning of the experiment), 14 of
the 15 patients (1 patient was not retested with compound C because of severe
"flare-up" reaction to the original application) were tested by dropping dilutions
of the 3 chemicals in acetone on the skin. The dilutions ranged from 1:10 to
1:10,000. The results of these experiments are set forth in table I.
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Examination of this table reveals the fact that substance C
(1—2—4 chlorodinitrobenzene) produced a high degree of sensitiza-
tion in a large percentage of the individuals to whose skin it was
applied. These sensitizations were proven by the spontaneous
flare-ups of the original application-sites after 9—12 days in 10
of the 15 test persons, by the marked increase in the skin reaction
to dilutions (to 1%, %, and even to -%), i.e., dilutions which
produce no signs of response in normal non-sensitized controls.
Both the spontaneous "flare-ups" and the reactions to re-
testing were typical of eczematous contact dermatitis of the
human skin, were vesiculo-bullous and erythematous in clinical
morphology, and appeared and regressed in the characteristic
time intervals (appearing in 24—72 hours) and manner. The
artificially induced eczematous sensitivity was not limited 'to the
areas to which the chemical had been previously applied. This
was proven by the reactions to tests in other skin areas, distant
from the original site of application. The sensitivity appeared
to be generalized, involving the entire integument.
Both A and B (1—2—4 dichloronitrobenzene and 1-4—2 dichioro-
nitrobenzene) failed to produce any sensitization whatsoever,
with the exception of one single spontaneous flare-up to sub-
stance B (1—4—2 dichloronitrobenzene) in patient 5. This
patient did not prove sensitive to 1—4—2 dichloronitrobenzene on
later testing; and the observation of this isolated flare-up remains
without satisfactory explanation.
COMMENT
Comment. The mere dropping of a 10% solution of 1—2—4
chlorodinitrobenzene in acetone on normal human skin produced
typical eczematous, contact-type hypersensitivity in a high per-
centage of individuals. The chemicals 1—2—4 dichioronitroben-
zene and 1—4—2 dichloronitrobenzene did not sensitize when
applied to the same individuals and in the same manner. This
result parallels the effects of these 3 substances in regard to the
presence and absence of sensitizing capacity of the guinea pigs'
skin, and further parallels the lability or stability of the Cl and
NO2 groups, as shown by the alkali-lability or resistance of the
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respective substances (as demonstrated in previous experiments
of Landsteiner and Jacobs).
Experiment . In this experiment, substances (D) (1—2—4 trinitrobenzene) and
(E) (1—3—5 trinitrobenzene) were employed. These were not dropped on the
intact skin as in the previous experiment, but were injected intracutaneously in a
manner more closely duplicating the actual procedure of Landsteiner and Jacobs
in guinea pigs.
Intracutaneous injections of both substances were given on 10 successive days;
one substance was injected each time in a fresh site of the right upper-arm, the
other similarly in a fresh site of the left upper-arm. The preparation of the in-
jected solutions was as follows: a 0.3% alcoholic solution of each substance was
first prepared; 0.1 c.cm. of this alcoholic solution was further diluted by the addi-
tion of 12.0 cc. of physiologic saline solution (the final dilution of the chemical
was then 1:40,000); 0.1 cc. of this final solution was injected as superficially as
possible.
Five male test individuals were used. The tests were all carried out on normal,
not previously prepared skin. Before commencing the sensitizing ifijections, all
5 patients were patch-tested in the orthodox manner by application of a 1%
solution of each chemical in olive oil, and by the application of the 1:40,000 solu-
tibn to be injected. After receiving the 10 daily intracutaneous injections, and
after intervals varying from 3—5 weeks from the beginning of the experiments, the
patients were retested: (a) by a repetition of the original patch tests; (b) by a
repetition of the intracutaneous injection; (c) by dropping 0.03 cc. of -%to 10%
solutions of each chemical on the skin. The patients were also observed daily
for spontaneous flare-ups, both at the injection sites and at the sites of the
first patch tests. The results of these experiments are set forth in table II.
It will seem that substance D (1—2--4 trinitrobenzene) strongly
sensitized all of the 5 test persons, as shown: a) by the strong
increase in reaction to the patch tests with the 1% olive oil solu-
tion; b) by the spontaneous flare-ups of both the earlier intracu-
taneous sites and the patch-tested sites; and c) by the tuber-
culin-type 48-hour papular reaction to intracutaneous retest
with the original solution, and by the reaction to the dropping
on the skin of higher dilutions (up to 1%), which produced no
reactions in normal non-sensitized controls.
Substance E (1—3—5 trinitrobenzene), on the other hand,
definitely sensitized only one patient (p5). The sensitization
in this case was demonstrable in a (delayed) reaction to a re-
peated patch-test, and in the reactions to high dilutions of the
"drop-test." In patient 4, the primary irritant effect of E
(or a pre-existing hypersensitivity to E) produced such a high
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degree of original reactions that no definite increase of sensitivity
or sensitizing effect could be unequivocally demonstrated.2
Patients 1, , 2 and , 3 failed to become sensitized to the E
substance (1—3—5 trinitrobenzene).
All the reactions to patch tests and to the dropping-on tests
were clinically typical of eczematous contact-type dermatitis of
the human skin, presenting vesicles and bullae, and taking a
characteristic course. The fact that the reactions could be
elicited in different parts of the body tends to show that this
sensitivity had spread over a large part (if not the whole) integu-
ment. All the reactions to intracutaneous test were of the
papular 24—48 hour so-called tuberculin-type, identical, on clini-
cal inspection, with those observed in experimental sensitizations
of human skin with intracutaneous neoarsphenamine, foreign
sera, proteins, etc.
Comment. In 5 test individuals, the repeated intracutaneous
injection and the surface application of the 1—2—4 trinitrobenzene
regularly leads to the development of both a papular 48-hour
tuberculin-type and to an eczematous contact-type of hypersensi-
tivity of the human skin. The same procedures carried out with
the 1—3—5 trinitrobenzene did not, in any instance, produce the
tuberculin-type of sensitivity, but did occasionally produce
eczematous contact-type of allergy (in case 5, and perhaps in
case %4 (see table II)). However, the 1—3—5 compound did not
produce this eczematous form of allergy with even approximately
the same ease or regularity as did the 1—2—4 compound. The
behaviour of the 1—2—4 compound in the human skin corresponds
to that demonstrated by Landsteiner and Jacobs in the guinea
pigs' skin; and seems related to the lability of this substance
2 In table lilt will be seen that not only E, but also substance D irritated the
skin of patient f 4 at the very onset of the experiment. It is a remarkable fact,
and one which requires further study, that in this patient (and occasionally in
control individuals) we have seen an abnormally high degree of irritation appear
at the site of first application within a few hours, and without incubation period
or known previous sensitizing exposure. In such individuals, there seems to be
a marked and abnormal susceptibility (intolerance) to the primary-irritating
qualities of certain compounds. The cause of this abnormality is as yet unknown.
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towards alkali, and to its capacity for forming combinations with
the organic base-anilin.
On the other hand, as shown by the production of eczematous
sensitivity in patient , 5, the 1—3—5 trinitrobenzene seems to be a
better sensitizer of human- than of guinea pigs' skin. This is not
surprising, in view of the greater susceptibility to sensitization
of the human skin, and in view of the fact that the 1—3—5 com-
pound takes a somewhat intermediate position in regard to its
demonstrated in vitro properties. For, according to Land-
steiner and Jacobs, this substance, although it does not readily
combine with anilin, nevertheless proves itself to be labile towards
alkali.
DISCUSSION
In extension of the work of Landsteiner and Jacobs in guinea
pigs, we investigated several chior-nitro substituted benzenes in
their capacity for producing experimental eczematous contact-
type skin hypersensitivity in human beings.
Five of the selected chior- and nitro-substituted benzenes
employed by the previous investigators were selected for these
experiments. Small and identical quantities of 3 of these
compounds, namely:
(A) 1—2—4 dichloronitrobenzene
(B) 1—4—2 dichloronitrobenzene
(C) 1—2—4 chlorodinitrobenzene
were dropped on the normal, unprepared skin of 15 female test
persons. Of these three compounds, only the third, the 1—2—4
chlorodinitrobenzene, produced hypersensitivity. This com-
pound elicited the typical picture of human eczematous contact-
type of allergy in the large majority of the test persons. This
sensitization was demonstrated by the spontaneous flare-up of
original test-sites after incubation periods of from 9—12 days, and
by reactions to patch- and "drop-tests" with dilutions after a
lapse of 21—49 days succeeding the first or sensitizing application.
The sensitivity was not limited to those parts of the skin to which
the sensitizing chemicals had been applied but appeared to be
generalized.
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Neither the 1—2—4 dichloronitrobenzene nor the 1—4—2 dichioro-
nitrobenzene produced sensitizations of this type when applied
to the same persons at the same time and in the same manner.
(One possible, at present inexplicable, exception was an isolated
observation of a spontaneous flare-up to 1—4—2 dichioronitro-
benzene.)
This result is analogous to that obtained by Landsteiner and
Jacobs with these three substances in skin sensitizations by
means of intracutaneous injections in guinea pigs.
The 1—2—4 chlorodinitrobenzene, the alkali-labile compound
which combines with organic bases, and which sensitizes the
guinea pigs' skin, also readily produces the eczematous contact-
dermatitis type of hypersensitivity in human beings. On the other
hand, substances of very similar chemical constitutions—which,
however, are alkali-resistant, and which give no substitution prod-
ucts with anilin—did not sensitize the guinea pigs' skin, and do not
produce contact-type allergy in human beings.
In the second experiment, small quantities of the substances:
(D) 1—2—4 trinitrobenzene
(E) 1—3—5 trinitrobenzene
were injected intracutaneously 10 times at daily intervals in the
normal skins of 5 human test individuals.
The 1—2—4 compound produced the papular 48-hour tuber-
culin-type of sensitivity, as shown both by the flare-ups of the
original injection sites and by the papular reactions to subsequent
intracutaneous tests. This substance also produced typical
contact-type eczematous sensitization of the human skin in all
5 test persons, demonstrable by patch- and drop-tests.
The 1—3—5 compound, on the other hand, failed to produce the
tuberculin-type sensitization in even a single instance; and elic-
ited eczematous contact-type sensitization in only one (or at the
utmost, 2) of the 5 test individuals.
In those cases in which the sensitivity developed, it here again
appeared to be generalized, involving not only the site of applica-
tion, but also distant skin areas.
In this experiment, the 1—2—4 compound acted in producing
SENSITIZATION TO SIMPLE CHEMICALS 57
human contact dermatitis in a manner paralleling the skin-
sensitizing properties Landsteiner and Jacobs observed with this
substance in the animal; and in a manner in keeping with its
alkali-lability and abi1itr to form compounds with anilin. The
1—3—5 compound, although it had failed to sensitize guinea pigs, and
failed in our experiment to produce tuberculin-type sensitivity of the
human skin, did occasionally produce contact-type eczematous sensi-
tization. In regard to this last observation, it must be recalled
that, although Landsteiner and Jacobs found this 1—3—5 sub-
stance to be unable to form compounds with anilin, it is neverthe-
less somewhat labile towards alkali.
SUMMARY AND CONCLUSIONS
The following five substituted nitrochlor benzenes were studied
for their relative capacity to produce eczematous contact-type
sensitivity in man:
(A) 1—2-4 dichloronitrobenzene
(B) 1—4—2 dichloronitrobenzene
(C) 1—2—4 chlorodinitrobenzene
(D) 1—2—4 trinitrobenzene
(E) 1—3—5 trinitrobenzene
Under the conditions of our experiments, the capacity of these
substances to produce contact-type eczematous allergy in human
beings closely parallels their skin-sensitizing ability when in-
jected intracutaneously in guinea pigs. Moreover, the capacity
of these substances for producing eczematous contact-type hyper-
sensitivity in human beings seems related to the lability of their
Cl or NO2 groups. From this it may be argued that the capacity
of these substances to produce the human contact-type eczema-
tous hypersensitivity parallels their capacity to produce conju-
gates with autochtonous larger molecules.
No generalization from the study of this one group of sub-
stances seems permissable. Our results, while they do not offer
direct proof that the substances here examined produce eczema-
tous contact-type dermatitis by virtue of their capacity to form
conjugates with body-own substances, are, nevertheless, quite
compatible with such a view. For our results strongly suggest a
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close parallelism between the skin sensitization produced in
guinea pigs by Landsteiner and his school, and the contact-type
eczematous sensitizations of the human skin with these sub-
stances; and our findings demonstrate—for the first time in man—
the relationship between a certain chemical property demonstrable
in vitro, and the capacity of the selected benzene derivatives for pro-
ducing the allergy of eczematous contact dermatitis.
962 Park Avenue.
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